Much of the native grass reseeding in western Kansas is done on eroded cropland of low fertility. When moisture conditions are favorable, most sites may be revegetated successfully with native grasses, but subsequent forage production often is low, especially where most of the topsoil has eroded away. Evaluation of soil fertility needs and the responses of vegetation to fertilization are problems associated with management of many reseeded areas.
This experiment was conducted to investigate the relationships between a rapid soiltest. method and a greenhouse pot-test method to determine major element deficiencies in soils, and to study yield responses of reseeded grasses fertilized with nitrogen and phosphorus on two soils exhibiting nutrient deficiencies typical of many reseeded areas in westcentral Kansas.
Review of Literature
Rapid soil-tests designed to measure available plant-nutrient supplies are used in many areas in an attempt to determine the fertilizer requirements of soils for various crops. Generally such tests are not considered entirely reliable in estimating fertilizer needs (Millar and Turk, 1943) . To overcome the shortcomings of rapid soil-tests biological methods have been developed using indicator plants in potted top soil under greenhouse conditions. Nutrients are added in various combinations, and yields relative to a standard full treatment of nitrogen, phosphorus, and potassium are interpreted as a measure of the soil's ability to supply a given element under the experimental conditions that exist (Jenny, Vlamis, and Martin, 1950) . They showed that the lower the relative pot-test yield, the greater was the chance of securing a field crop response to added plant nutrients.
Numerous field applications of fertilizers in various forms and combinations have been tested. In the drier areas much of the emphasis has been placed on increasing cultivated grain yields. During years when moisture conditions were favorable, grain crop yields generally were increased by adding nitrates and phosphates in Kansas (Throckmorton and Duley, 1935) ; in Oklahoma (Eck a n d Stewart, 1954) ; in eastern Colorado (Greb and Whitney, 1953) ; in Nebraska (Lowry, Ehlers, and Pumphrey, 1954) ; and in the Texas Pan Handle region (Box and Jones, 1954) .
A number of fertilizer trials have been conducted on native range vegetation throughout the Great Plains region. Immediate and residual responses have resulted from the application'of 10 to 12 tons of cattle manure per acre in southern Saskatchewan (Clark, Tisdale, and Skoglund, 1943) and in northeastern Colorado (Klipple and Retzer, 1959) . Other trials on native range involving commercial forms of nitrogen and phosphorus applied at rates up to 90 pounds of nitrogen and 100 pounds of phosphorus pentoxide per acre have shown that when nitrogen was included, yields generally were increased significantly, but not enough to make the fertilizer applications economical (Clark and Tisdale, 1945; Westin, Buntley, and Brage, 1955; Klipple and Retzer, 1959; and Rogler and Lorenz, 1957) . Fertilizing reseeded cool-season grasses in pure stands with nitrogen at various rates up to 133 pounds per acre in the northern Great Plains generally produced significantly h i g h e r forage yields than those obtained from the untreated checks (Carter, 1955) . In many cases, yields were such that nitrogen applications on cool-season species were economically feasible (Rogler and Lorenz, 1957) . McIlvain and Savage (1950) 
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Rapid Soil-Tests
The soil samples from the various sites were given the following general soil fertility tests: 3 (1) limemeter test to determine pH as an indicator of lime requirements; (2) spectrophotometer test to determine percentage organic matter content (indicator of nitrogen require -ment) , available phosphorus in pounds per acre, and exchangeable potassium in pounds per acre.
Pof-Culture Tests
The pot-culture tests described by Jenny, Vlamis and Martin, 1950 were modified for use in this study. Six barley (Hordeum vulgare L.) plants of the early variety, Beecher, were grown to maturity in six-inch asphaltcoated clay pots and saucers filled with 1,500 grams of soil, The major elements were added in solution to the pots in the combinations and rates shown in Table 2 . The treatments were replicated four times and the pots were rerandomized on the greenhouse benches at two-day intervals to r educe location effects. The pots were watered as necessary to maintain optimum s o i 1 moisture conditions. Rec o r d e d information included total dry matter yields at maturity and crude protein analyses of the harvested material.
Field Application of Nitrogen and Phosphorus
Broadcast applications of nitrogen and phosphorus were made during April, 1957, at two adjacent field locations, soils 2 and 34, selected on the basis of barley performance in the potculture tests. T h e treatments consisted of 80 pounds of nitrogen per acre in the form of ammonium nitrate, 60 pounds of phosphorus pentoxide per acre in the form of treble superphosphate, a combination of the two fertilizers at the above rates, and an untreated check. Plot size was 15 by 45 feet in a randomized block design with four replications at each soil location. Carryover effects of the various treatments were measured d u r i n g 1958. The plots were given the original fertilizer treatments again in April, 1959. Carry-over effects were measured during 1960.
Dry weight yields were obtained from a 39-inch sample strip mowed two inches high along the longitudinal center of each plot. Additional plot samp 1 i n g consisted of dominant species h e i g h t measurements, species composition estimates, and crude protein content analyses of the dominant grasses during J u n e and September. Plots were harvested annually during September, near the close of the growing season.
Weather Conditions During ihe Field Trials
The climate of west-central Kansas has been described by Flora, 1948 . The experimental area weather is characterized by extremes in temperatures and wide variations in the annual precipitation pattern. Figure 1 shows the long term average m o n t h 1 y temperatures a n d monthly averages during the four years of study. Figure 2 illustrates the long term average precipitation and amounts received during the study period.
Temperatures w e r e m u c h lower than average during the late winter months each year and only occasionally a b o v e average the remaining months. Annual precipitation was one inch to over eight inches above average during the four-year period. Growing conditions were favorable during 1957 and 1958 when adequate moisture was received throughout the growing season. Although below-average April and J u n e precipitation caused the 1959 season to be somewhat drier than the two previous years, the vegetation had sufficient moisture for growth du r i n g the summer months. Severe drought conditions from late June to early August reduced growth during the summer of 1960. The effects of this drought were moderated considerably by below-average temperatures during the dry period; thus there was significant recovery in late August and early September.
Results
Rapid Soil-Tests
These tests revealed large differences among the soils in terms of soil reaction, organic matter content, and usable amounts of phosphorus and potassium (Table 3) . Soils with a high per- Plants on all eight soils responded to additions of nitrogen and phosphorus but not to potassium in the pot-culture tests (Table 4) . Nitrogen was highly deficient in all the soils except number 1 which was benefited least. The soils were differentiated into two groups on the basis of the nitrogen-phosphorus interaction. On highly eroded soils 2, '7, and 8 and the loamy sand site 5 the responses to phosphorus or nitrogen were not significant unless the two elements were added in combination. The remaining soils were not benefited by the addition of phosphorus without nitrogen, but showed responses to nitrogen when phosphorus was absent. These reactions to fertilizer combinations are illustrated by barley dry matter yields in Figure  3 . Soil 2 is representative of the group needing a combination of nitrogen and phosphorus, an d soil 3 is typical of the group in which nitrogen without phosphorus gave a response intermediate between the check and full treatments. Soil number 1 is included to indicate the relative inherent fertility associated with unbroken native sod.
Crude protein content of the mature barley plant was not influenced significantly by pot-culture treatment except in the four soils requiring the addition of both nitrogen and phosphorus to obtain significant yield increases Table 6 shows the average total dry matter yields of fallharvested vegetation on soil site 3 during the four-year study. In 1957, treatments containing nitrogen produced yields significantly higher than the phosphorus alone or check treatments. The 1958 residual effects showed the same trend but differences were not significant. The treatments containing nitrog e n p r o d u c e d significantly Soil 2 required nitrogen and phosphorus in combination to obtain a response. urn L.) played an important role in the plots on soil site 3. Figure  4 illustrates production of the three major vegetation components, switchgrass (Panicurn virgatum L.) , annual bromes, and other species (blue grama Steud.), and a trace of native forbs) separately by years and fertilizer treatments. D u r i n g 1957 and 1959, the years when fertilizers were applied, annual bromes responded more to nitrogen fertilization than did switchgrass and other species. Considering total vegetation minus annual bromes, the yield increases due to nitrogen fertilization were not significant in 1957; however, the yield of each component was increased significantly by nitrogen fertilization in 1959. Switchgrass and the annual bromes each responded signif icantly to carry-over nitrogen during 1960. Yield increases due to nitrogen fertilization on low fertility site 2 were highly significant each year (Table 7 ). In addition there were significant nitrogen-phosphorus interactions in 1957 and 1959. During the years the fertilizers were applied, plots receiving both elements yielded more than those receiving only nitro- gen. As on soil site 3, there was no response to the addition of phosphorus a 1 one. No annual grasses were present on the low fertility site 2, and although over 90 percent of the production was sideoats grama, there was no differential response of species to f e r t i 1 i z e r treatment. Other species on site 2 included blue grama, little bluestem, buffalograss, and a trace of native forbs.
Crude Protein Content of the Forage
The crude protein content of switchgrass on site 3 at two annual sampling dates during the four-year period is shown in Table 8 . As expected, crude protein content decreased between June and September each year. Only the June, 1959, measurements were significantly different between treatments. At that time samples from the nitrogen and nitrogen-phosphorus plots contained higher percentages of crude protein than samples from the phosphorus and check plots. By September, 1959, the differences no longer existed. Similar analyses for crude protein in sideoats grama on site 2 resulted in findings nearly identical with those from switchgrass on site 3.
Discussion
The general soil-test and the pot-culture techniques a g r e e d reasonably well in determining the relative nitrogen requirements for the various soils. The two methods did not agree in estimating the relative needs for phosphorus. In most instances when pot-tests indicated a low inherent phosphorus content, the rapid soil-test showed relatively high amounts of available phosphorus and vice versa. Because of the abundance of potassium in all soils tested, there were no apparent discrepancies in t h e t w o methods. Organic matter content found by the rapid soiltest was the most reliable indicator of soil potential in supplying both nitrogen and phosphorus for plant growth in the pot-culture tests.
Considering the limited number of locations where fertilizers were applied in the field, direct comparisons of the three methods for all of the soils are not possible; however, yield results from the two field sites differed from predictions based on potculture results. Soil number 3, a relatively high fertility site with a low but significant nitrogenphosphorus interaction in the pot-culture tests, responded as well to field applications of nitrogen alone as to a combination of nitrogen and phosphorus. Soil number 2 which required nitrogen and phosphorus in combination to produce any increase in pot yields, responded significantly to field applications of nitrogen alone, although nitrogen in the presence of phosphorus produced the highest yields under field conditions. Several factors may account for these inconsistencies in greenhouse and f i e 1 d results. First, only the upper six inches of soil was used in the pot-culture tests, while the perennial grasses in the field were extracting nutrients throughout the depth of their root systems. Second, barley as an indicator plant may have had different requirements for the various nutrients under greenhouse conditions than established vegetation in the field plots. The growing period, temperature, soil moisture, and nutrient availability relationships in the field were totally unlike those under greenhouse conditions, suggesting that growth time and nutrient avail- show that it might have been advantageous to composite a soil sample representative of the soil profile containing the established plant root s y s t em s. Identical yield responses to carry-over nitrogen and nitrogen plus phosphorus on soil 2 suggest that high levels of nitrogen were needed to produce a nitrogen-phosphorus interaction on this site.
The differential response of winter annual bromes to nitrogen fertilizer supports the conclusion that cool-season species are benefited more by nitrogen fertilization than are associated warm-season species (R o g 1 e r and Lorenz, 1957). Increases in forage production on both sites
were not of sufficient magnitude to justify the expense of ferti-1 i z a t i o n, considering forage yields alone. The economic value of such a practice should be measured by animal response which would integrate the factors of forage q u a n t i t y and quality. Crude protein content was increased during the early growing period of 1959 by nitrogen fertilization in these trials, but similar increases were not detected during the other years. In related studies, forage protein content usually was increased by applications of nitrogen (Carter, 1955; McIlvain and Savage, 1950; Williams, 1953; and Westin, Buntley, and Brage, 1955) ; however, this was not always true (Clark and Tisdale, 1945) . Summary 1. The nitrogen, phosphorus, and potassium levels in the upper six inches of eight soils were compared by a rapid soiltest and a pot-culture technique. 33 2. Organic m at t er content used as an index to available nitrogen in the rapid soil-test was a good indicator of the ability of each soil to supply nitrogen in the pot-culture tests.
3. Organic matter content was better than soil-test phosphorus determinations in predicting the ability of a soil to supply phosphorus in the pot-culture tests.
4. The rapid soil-test showed a wide range, but high amounts of potassium in all soils. The potculture tests indicated no potassium deficiencies in any of the soils used in this experiment.
5. Pot-culture yields of barley were greatest for all soils when both nitrogen and phosphorus were added. Adding potassium was not necessary. Yields were not increased over those from untreated check pots by phosphorus without nitrogen. Nitrogen without the addition of phosphorus increased pot yields to an intermediate level between the check and full treatment in the four soils having the highest amounts of 0 r ga n ic matter. Plants grown in the four soils containing the lowest amounts of organic matter did not respond to the addition of nitrogen without phosphorus in the potculture tests.
6. Field applications of 80 pounds of nitrogen per acre, 60 pounds of phosphorus pentoxide per acre, the two in combination, and no treatment were made on a high organic matter content site and a low organic matter content site in the spring of 1957, ----------_---(Percent) -----_ -------- 
